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Abstract 
This paper studies the causal relationships between energy consumption and economic growth for OPEC countries. The results 
show that in the short-run, the Granger causality runs from income to energy consumption for Iran, Iraq, Qatar, United Arab 
Emirates and Saudi Arabia while for the rest of the OPEC countries the reverse is true, i.e. the Granger causality runs from 
energy consumption to income. However, in the long run there is not any Granger causality relationship for all the OPEC 
countries. In the case of Qatar and the Saudi Arabia and Nigeria, energy, economic growth a
Results show, that even for these countries which the energy consumption has an effect on economic growth, the effect is very 
minimal. The direction of causation between energy consumption and economic growth has significant policy implications. If 
there exists unidirectional Granger causality running from income to energy, it may be implied that energy conservation policies 
may be implemented with little adverse or no effects on economic growth. 
Keywords: First Energy consumption; Economic growth; OPEC countries; Granger causality; 
1. Introduction 
This paper investigates the long-run relationship and causality between energy consumption and economic growth 
for the member countries of the Organization of Petroleum Exporting Countries (OPEC) using the bounds test of 
assessing the degree of dependence of energy consumption and economic growth for OPEC members. 
The literature concerning the relationship between energy consumption and economic growth has led to the 
emergence of two opposite views. One point of view suggests that energy use is a limiting factor to economic 
growth. The other point of view suggests that energy is neutral to growth. This is known in the literature as the 
have a significant impact on output growth. It has also been argued that the possible impact of energy use on growth 
will depend on the structure of the economy and the stage of economic growth of the country concerned. As the 
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economy grows its production structure is likely to shift towards services, which are not energy-intensive activities 
(Solow, 1978; Denison, 1985; Cheng, 1995; Asafu-Adjaye, J., 2000). 
In this paper, we intend to examine the relationship between energy consumption, energy price and economic 
growth for OPEC countries according to Asafu-Adjaye, J. (2000) article. 
This paper examines the energy economic growth relationship by exploiting a Granger casualty and cointegration 
framework and error correction model for OPEC countries. The direction of causation between energy consumption 
and economic growth may imply that energy conservation policies may be implemented with little adverse or no 
effects on economic growth in these countries. If unidirectional causality runs from energy consumption to income, 
reducing energy consumption could lead to a fall in income or economic growth. The finding of no causality in 
either direction, the so-
policies do not affect economic growth. And finally, results verify that both direct and indirect Granger causality 
does not show long run effects of energy consumption on economic growth. In the case of negative causality 
running from employment to energy (Akarca and Long, 1979), total employment could rise if an energy 
conservation policy were to be implemented.  
 
The paper is organized in 4 sections. Section 2 and 3 discusses the methodology, data and results, respectively. The 
end of this section presents and discusses the empirical results while the final section contains the conclusions. 
 
2. Methodology and data 
 
In this regard, by applying the model suggested by Asafu-Adjaye, J., 2000, the modelling strategy adopted 
in this study was based on the widely used Engle-Granger methodology (Granger and Newbold, 1974; Engle and 
Granger, 1981). The augmented Dicky-Fuller (ADF) and Phillips-Perron (PP) tests of stationary were used (Dickey 
and Fuller, 1981; Phillips and Perron, 1988). An Error Correction Model (ECM) can lead to a better understanding 
of the nature of any nonstationarity among the different component series and can also improve longer term 
forecasting. This section discusses the implication of cointegration for the autoregressive representation. Assume 
that the cointegrated series can be represented by an error correction model according to the Granger representation 
theorem (Engle and Granger 1981). Consider the vector autoregressive process with Gaussian errors defined by: 
                                          (1) 
                                       (2) 
                                          (3) 
 
Where [  ,  ,  ] are real income, energy consumption and prices (proxied by oil price multiple by the exchange 
rate divided by GDP deflator), respectively; D is a difference operator;  are polynomials in the lag operator L; 
ECT is the lagged error-correction term(s) derived from the long-run cointegrating relationship; and  are error-
correction terms assumed to be uncorrelated and random with mean zero. The coefficients, , of the 
 represent the deviation of the dependent variables from the long-run equilibrium.  
 
Through the error-correction mechanism, the ECM opens up an additional causality channel which is overlooked by 
the standard Granger (1969) and Sims (1972) testing procedures. In the Granger sense a variable X causes another 
variable Y if the current value of Y can better be predicted by using past values of X than by not doing so. The 
Granger causality testing procedure involves testing the significance of  conditional on the optimum lags. 
Through the ECT, an error correction model offers an alternative test of causality or weak exogeneity of the 
dependent variable. If, for example,  is zero, then it can be implied that the change in  does not respond to 
deviation in long-run equilibrium. Also, if  is zero and both  and  are zero, it can be implied that income 
and prices do not Granger-cause energy consumption. The non-significance of both the t and Wald F-statistics in the 
ECM will imply that the dependent variable is weakly exogenous (Engle et al., 1983, Asafu-Adjaye, J., 2000). 
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If the variables,  ,  and  are cointegrated then it is expected that at least one or all of the ECTs should be 
significantly non-zero. Granger causality of the dependent variables is tested as follows: (1) by a simple t-test of the 
s; (2) by a joint Wald F-test of the significance of the sum of the lags of each of the explanatory variables in turn; 
and (3) by a joint Wald F-test of the following interactive terms: Eq. (1). [  and  ], [  and ]; Eq.(2) [ 
and ],[  and ]; and Eq. (3). [  and ], [ and ] (Asafu-Adjaye, J., 2000). 
Annual time series data were utilized in this study. The series for all countries cover the period 1980-2008; the data 
are obtained from World Development Indicators (WDI) 2011, published by the World Bank (2011). The choice of 
the starting period was constrained by the availability of data on energy consumption. The precise definitions of the 
variables are as follows: 
en: commercial energy use in kilograms of oil equivalent per capita. 
y: economic growth, defined as GDP in constant 2000 prices in local currency units. 
p: prices. Since energy prices are not reported in the WDI data base, we use a proxied variable defined as OPEC oil 
price multiplied by the exchange rate divided by GDP deflator. Because oil exports comprises a high proportion of 
it in our proxied variable as a good substitute for energy price. 
 
3. Empirical results and discussion 
 
In order to investigate the possibility of cointegration, it is necessary to determine the existence of unit 
roots in the data series. Hence, a summary of the unit root tests using the ADF and PP tests at the level and first 
difference is given below in Table 1. It can be seen that, with the exception of Qatar prices, the null hypothesis of 
nonstationarity cannot be rejected at the 10% level for the levels of the variables. Nelson and Plosser (1982) argue 
that almost all macroeconomic time series typically have a unit root. Thus, by taking first differences the null 
hypothesis of nonstationarity is rejected for most of the variables. We have mixed results for the differenced Iranian 
energy and income variables. The null hypothesis of non-stationary cannot be rejected by the ADF test but is 
rejected by the PP test. It can therefore be concluded that in most cases, income, energy and prices are integrated of 
order one, that is, I(1), except Iran energy and income which could be integrated of order one with maximum lag 
equal zero. 
 
Table 1 - Results of unit root tests for all variables 
 
Country /                         Augmented Dickey-Fuller (ADF)                   Phillips-Perron (PP) 
 variable                                 Levels --- First differences                    Levels---First differences 
Algeria 
                                                      0.21        -2.98                                           1.53       -2.13 
                                                    -0.75        -7.93                                           -0.65       -8.1 
                                                  -0.39        -5.84                                           -0.44      -5.8  
Angola     
                                                    -1.55        -9.96                                            4.96        0.13 
                                                    -1.13        -2.25                                            0.13       -2.25 
                                                  -1.46        -7.24                                           -1.44      -7.24 
Ecuador 
                                                     0.73         -2.43                                           1.55       -2.62 
                                                    -0.11         -6.16                                         -0.37       -6.33 
                                                  -0.51         -7.00                                         -0.56       -7.00 
Iran 
                                                     3.82           3.40                                         23.11       -0.42 
                                                    -2.13          -3.86                                         -1.51       -3.95 
                                                   2.18          -6.52                                           2.32       -6.61 
Iraq 
                                                    -0.9            -6.36                                          -1.24       -6.4 
                                                    -3.40          -8.28                                          -3.44       -9.44 
                                                  -1.01          -5.71                                          -0.97       -5.64 
Kuwait 
                                                     2.60          -5.50                                           2.58      -5.49 
                                                     0.84          -8.85                                          -1.21      -4.11 
                                                  -3.66          -6.50                                         -2.51    -10.34 
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Libya 
                                                    -0.3            -3.11                                          -0.15      -3.12 
                                                     0.63          -5.08                                            0.18      -5.07 
                                                  -1.32          -9.77                                          -1.19      -9.29       
Nigeria 
                                                     1.28          -7.52                                          -1.27      -7.53 
                                                    -0.31          -2.78                                          -0.64      -5.06 
                                                  -1.28          -7.52                                          -1.27      -7.53 
Qatar 
                                                     3.13          -4.17                                           2.02       -4.21 
                                                    -1.60          -5.16                                         -1.13      -10.16  
                                                  -1.23          -9.19                                         -1.13        -9.12 
Saudi Arabia 
                                                    -0.92          -3.43                                         -0.77     -2.62 
                                                    -2.66          -3.67                                         -1.83     -3.72 
                                                  -0.06          -5.19                                         -0.17     -5.18 
United Arab Emirates  
                                                    -0.92          -3.43                                         -0.77     -2.62 
                                                    -0.75          -6.08                                         -0.74     -5.88 
                                                  -1.17          -7.19                                         -1.17     -7.20 
Venezuela 
                                                    -2.99          -3.01                                         -3.56     29.37 
                                                     0.96          -6.37                                         -1.11    -10.63 
                                                  -1.42          -9.66                                         -1.52      -9.54 
   
Critical values 
1%                                                   -3.75                                                           -3.73 
5%                                                   -3.00                                                           -2.99 
10%                                                 -2.63                                                           -2.63 
Source: World Development Indicators & Global Development Finance 2011, we use the Eviews soft ware to 
estimate this value. 
 
In addition to providing an indication of the direction of causality, the ECM enables us to distinguish 
- -  (see, e.g. Asafu-Adjaye, J., 2000). In Table 2, we provide joint 
P values of the lagged explanatory variables of the ECM. These tests do not give an indication of the significance of 
short-run causal effects. We also provide t-statistics for the coefficients of the ECTs which do not give an indication 
of long-run causal effects. Finally, we provide joint P value for the interactive terms i.e. the ECTs and the 
explanatory variables. Which give an indication of which variables bear the burden of short-run adjustment to re-
establish long-run equilibrium, given a shock to the system. Turning first to the short-run results for Iran (Table 2), it 
can be seen that the F-statistic for energy (in the economic growth equation) is not significant at the 5% level. 
 
However, none of the lagged explanatory variables in the other two equations (energy and price) are 
statistically significant. These results imply that, in the short run, there is unidirectional Granger causality running 
from energy consumption to economic growth, while price has a neutral effect on both energy and economic 
growth. Looking at the t-statistics, it can be seen that the coefficient of ECT is significant in the income equation but 
is not significant in either the energy or price equation. This result can be interpreted as follows. Given a deviation 
of economic growth from the long-run equilibrium relationship as defined by  all three 
variables interact in a dynamic fashion to restore long-run equilibrium (Asafu-Adjaye, J., 2000). 
 
Table 2 - Temporal Granger causality results for OPEC countries 
Country/                       Short-run effects                                                 Source of causation: 
Dependent                             
Variable                                                *                       
                                          P value                            t-Ratio                       Wald F-statistics 
Algeria 
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                    -           0.44      0.32                  -2.54          1.05            0.08              - 
                     0.03              -          0.02                     -1.05              -                 0.65             0.02 
                       0.24            0.73         -                        -0.32           0.14                -                 1.16 
Angola 
                    -           0.12      0.52                  -2.79          1.15            2.42              - 
                     0.10              -          0.81                     -1.25              -                 0.48             0.09 
                       0.11            0.10         -                        -0.48           1.19                -                 0.43 
Ecuador 
                    -           0.28      0.03                  -1.08          0.31            2.62              - 
                     0.07              -          0.11                     -2.25              -                 0.28             0.04 
                       0.11            0.23         -                        -1.13           1.09                -                 0.43 
Iran 
                    -           0.36      0.82                  -0.59          0.14            0.31              - 
                     0.01              -          0.16                      1.49              -                 0.82             0.09 
                       0.21            0.03         -                        -2.18           1.63                -                 0.95 
Iraq 
                    -           0.16      0.21                  -0.59          0.35            1.22              - 
                     0.02              -          1.09                     -1.84              -                 0.49             0.06 
                       0.68            0.13         -                        -2.61           0.15                -                 2.86 
Kuwait 
                    -           0.34     0.32                   -0.73          1.37            0.12              - 
                     0.06             -          0.28                     -1.05              -                 1.67             0.02 
                       0.11            0.47         -                       -2.59           1.29                -                 0.31 
Libya 
                    -           0.77      0.13                  -1.77          1.05            2.12              - 
                     0.03              -          0.02                      1.25              -                 0.26             0.05 
                       0.18            0.23         -                        -1.94           1.19                -                 1.87 
Nigeria 
                    -           0.68      0.51                  -0.09          1.25            0.41              - 
                     0.01              -          0.26                     -1.39              -                 1.98             0.09 
                       0.74            0.32         -                        -2.48           1.74                -                 2.95 
Qatar 
                    -           0.29      0.28                  -1.50          1.19            2.81              - 
                     0.04              -          0.03                      1.14              -                 0.62             0.09 
                       0.02            0.12         -                        -1.87           1.58                -                 0.83 
Saudi Arabia 
                    -           0.16      0.11                  -0.26          1.21            1.31              - 
                     0.02              -          0.05                     -1.07              -                 1.42             0.07 
                       0.84            0.03         -                        -1.43           0.48                -                 2.03 
United Arab Emirates 
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                    -           0.85      0.43                  -0.50          2.13            0.08              - 
                     0.03              -          0.08                     -1.14              -                 1.27             0.01 
                       0.19            1.01         -                        -1.87           0.21                -                 0.43 
Venezuela 
                    -           0.43      0.18                  -1.06          1.53            1.82              - 
                     0.00              -          0.60                      1.33              -                 0.92             0.04 
                       0.09            0.62         -                        -1.25           1.68                -                1.32 
 
Source: World Development Indicators & Global Development Finance October 2011, we use the Eviews soft ware 
to estimate this value. 
* Error -correction term (ECT) in the error-correction model. Significance at the 1 percent  level, the 5 percent level 
and the 10 percent level. 
 
The results of the test for both long-run and source of causation are reported in Table 2. As is apparent 
from the table, the coefficients of the  is significant in the energy equation, which indicates that short-run 
causality run from energy consumption to economic growth. So, energy weakly Granger-causes economic growth. 
These results imply that, there is unidirectional Granger causality running from economic growth to energy 
consumption in the short run, while energy have a neutral effect on economic growth in both the short and long run. 
In other words, economic growth is strongly exogenous and whenever a shock occurs in the system, energy 
consumption would make short-run adjustments to restore long-run equilibrium (Asafu-Adjaye, J., 2000). 
 
The results for the price equation suggest that prices also Granger-cause energy consumption. For Ecuador, 
we again observe Granger causality running from energy and prices to income in both the short and long runs, with 




The aims of this study were to test the Granger causality between energy consumption, energy price and 
economic growth for OPEC countries. We used the error-correction models and the test of direction of Granger 
causality for analyzes the time series properties of the variables. From the test results, we conclude that indirect 
Granger causality runs from energy to economic growth for half of these countries, while direct Granger causality 
runs from energy to economic growth for some of these countries. In the short run, there is indirect Granger 
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